We determined the concentrations of ethanol in nearly simultaneous specimens of venous blood (BAG) and end-expired breath (BrAC) after healthy volunteers drank moderate amounts of alcohol. BAG was measured at two laboratories and BrAG was analyzed with two instruments (Intoxilyzer 5000) from the same manufacturer. The mean difference in BAG between laboratories was 0.0105 mg/g (SD 0.0219); 95% of the differences ranged from -0.0333 to 0.0543 mg/g. The mean difference in BrAG between instruments was 0.0153 mg/L (SD 0.0136), and 95% of the differences ranged from -0.0119 to 0.0425 mg/L. The coefficient of variation (GV) between laboratories was 2.9% compared with 4.5% between breath-test instruments. Venous BAG (y) and BrAG () were highly corre- variability of breath alcohol measurements made by using two instruments from the same manufacturer.
variability of breath alcohol measurements made by using two instruments from the same manufacturer.
Materials and Methods

Subjects and Conditions
Healthy volunteers (five men and five women) gave their written informed consent to take part in this study. Their ages ranged from 24 to 57 years (mean 36.1 years) and their body weights were 54-85 kg (mean 68.6 kg). They consumed between 0.84 and 1.20 g of ethanol per kilogram of body weight (mean 0.9 g/kg) within 60 mm. The ethanol solvent (960 mLIL) was mixed with fruit juice, as required, by the individual subjects. Specimens of whole blood were taken from an antecubital vein at 15,45,90, 180, 270, and 360 mm after the end of drinking. The three subjects who received the lowest dose of ethanol had BrAC values of apparently zero after 360 mm; their blood samples were not taken. Accordingly, 57 comparisons of BAC and BrAC measurements were made during the rising and falling stages of the concentration-time profiles. The blood was collected into 5-mL Vacutainer Tubes (Becton Dickinson, Rutherford, NJ) containing NaF (20 mg) and heparin (75 units) as preservatives. Four tubes of blood were ifiled in rapid succession at each collection time. Two of the tubes were sent to the National Laboratory of Forensic Chemistry, Linkoping, Sweden, for analysis for ethanol; the other two tubes were analyzed at the National Institute of Forensic Toxicology, Oslo, Norway.
Blood Alcohol Measurements
In Nordic countries, a person's BAC for legal purposes is reported in concentration units of mass/mass [actually, milligrams of ethanol per gram of whole blood (mg/g)]. Because the specific weight of whole blood averages 1.055 g/L, an ethanol content of 1.0 mg/g corresponds to 1.055 g/L (1). In the U.S. and elsewhere, BAC is expressed in mass/volume units (2).
In Norway, two determinations of BAC were made by an enzymatic method with alcohol dehydrogenase (ADH) and two were by headspace gas chromatography (HSGC). Two samples of blood were taken from one of the Vacutainer Tubes and two from the other. Ethanol was determined in the supernate obtained after the precipitation of proteins with perchionc acid and neutralization with buffer (ADH method) or NaOH (HSGC method). Four techniciansmade the determinations and the average value was then compared with the BrAC value.
In Sweden, three determinations of BAC were made with three HSGC instruments, each with a different column-packing material for the chromatography. This method has been described in detail elsewhere (3) . Two samples of blood were taken from one Vacutainer Tube and one from the other. The mean result was compared with the mean BrAC value.
Breath AlcoholMeasurements
The quantitative evidential breath alcohol analyzer used in this study was the Intoxilyzer 5000 (CMI Inc., Owensboro, KY). This instrument determines ethanol by measuring the absorption of infrared radiation at 3.39 and 3.48 an (4). A third wavelength at 3.80 im serves as a baseline for comparison with the response in the other two infrared radiation channels. The Intoxilyzer is approved for medicolegal purposes in Sweden and is currently being evaluated in Norway.
The subjects were asked to make a moderate inhalation of ambient air and, without holding the breath, to exhale into the heated breath-inlet tube of the Intoxilyzer, according to the recommended procedure. Both of the Intoxilyzer 5000 instruments used in this experiment were tested and approved for legal purposes by the National Laboratory for Testing of Materials, Bor#{228}s, Sweden. One instrument had been used by the police in Sweden and the other was being evaluated for use in Norway.
During breath testing, each subject made two single exhalations 1-2 mm apart into each of the Intoxilyzer instruments, positioned side by side. The sequence of testing was randomized and the overall time between testing and drawing blood was about 5 mm. 
Experiments inVitro
The linearity of the response of the Intoxilyzer 5000 (Norwegian unit) was tested with two wet-bath simulators connected in tandem (Guth Labs., Harrisburg, PA). Each simulator contained an ethanol solution of known strength in water equilibrated at 33.9 (± 0.02) #{176}C. The ethanol-air vapor so produced was delivered through the breath-inlet tube of the Intoxilyzer device. In another experiment, small amounts of ethanol were introduced into a gas-tight syringe and allowed to evaporate into a volume of 2 L. This syringe arrangement was maintained at 38#{176}C by means of a water-jacket. The air-ethanol vapor mixture emerging from the syringe was introduced into the breath-inlet tube of the Intoxilyzer and analyzed. Three different concentrations of ethanol (0.25,0.50, and 1.00 mg/L) were used in these in vitro experiments.
StatisticalAnalysis
The precisions of the blood and breath alcohol analyses were calculated from the differences between duplicate determinations or the pooled variance of triplicate determinations (5) . Variability between laboratories and between breath-test instruments was reported as the mean difference, standard deviation, and 95% range of individual difference (6) . The relationship between BAC and BrAC was determined by linear-regression analysis. The mean and the 95% confidence interval for blood/breath ratios of ethanol were calculated only when the BAC exceeded 0.19 mg/g, because at low concentrations of ethanol even small absolute differences between BAC and BrAC lead to large variations in the ratio of these variables. The difference between two variances was tested with the F-test (5). Intox., lntoxilyzer 5000. 
Results
Linearity
breath-test instruments:
A scatter plot of the results of blood alcohol measurements made at the two forensic laboratories is shown in the upper part of Figure 1 . The regression coefficient was 0.984 (SE 0.0101), which was not significantly different from unity (t = 1.58, df 55). The results from Sweden averaged about 1.6% lower than those reported by Norway. The y-intercept was zero, which shows that there was no constant bias between the two laboratories. Figure 1 (lower part) shows a scatter plot of breath alcohol measurements made with the two Intoxilyzer instruments. The regression coefficient was 0.981 (SE 0.0129), not significantly less than unity (t = 1.47, di 55) Table 3 gives the mean, SD, CV, and range of blood! breath ratios of alcohol for the results from Norway and Sweden. Note that the ratios were computed before and after correcting the Intoxilyzer response for the constant bias (x-intercept in the regression equation) shown in (Increased) for the analytical bias given by the x.intercepts in the regression equations shown in Fig. 2 We found that the within-laboratory precision of blood alcohol analysis was better (lower CV) than the precision of breath alcohol measurements. However, one should consider that a duplicate breath test comprised two separate exhalations, whereas the replicate measurements of BAC were made with portions from a single venipuncture. The mean difference in BAC between laboratories was 0.012 mg/g; this might reflect the interval of five to seven days during transport and storage of specimens. A mnll decrease in BAC occurs over time (unpublished work). The SD ofBAC measurements in Sweden was less than that in Norway, even though both laboratories used HSGC methodology. However, several additional sources of variation exist in the method used in Norway, including the precipitation of blood proteins and the neutralization of the supernate before analysis. The mean difference between the results from tests with the two hntoxilyzer instruments was 0.0153 mg/L, which corresponds to an apparent BAC of -0.03 mg/g (BrAC x 2000) .
The regression equations in Figure 2 for the discrepancy could be that the background signal of the infrared detector was set below the actual zero BrAC value when operated in the subject-test mode, but not otherwise.
However, the in vitro experiments
show this explanation is unlikely, because we found a much smaller analytical bias under these conditions. The measurement of alcohol in blood and breath for law enforcement purposes provides an objective way to establish the presence of alcohol in the body. However, analysis of blood samples is less prone to physiological variations than is the analysis of breath. On the other hand, a breath-test result gives immediate information about the alcohol load in the body, and this inherent advantage, as well as the nomnvasive nature of the test, should be weighed against itslesser analytical precision and other potential sources of variation (10). The variability (CV) in the adjusted blood/breath ratios for the combined results (Norway and Sweden) was 8%. The way a subject provides the samples of breath for analysis, the individual's vital capacity and lung function, and the normal variations in breath and body temperature are all encompassed in this variability measure.
Furthermore, because the sex, age, height, and body weight of the individual might also influence the magnitude of variation in the blood/breath ratio, further studies are needed to evaluate the relative importance of these and other possible factors.
We believe that the result of an alcohol breath-test should give an unbiased estimate of the coexisting BAC, if this is the aim of the test. However, if the statutes regarding driving while intoxicated are written in terms of a threshold BrAC value, then the blood/breath factor used to derive the statutory limit should have a solid empirical foundation and not just be chosen for convenience.
